INTRODUCTION
detectors obtained from EG&G Ortec. Each detector, which is cooled by a 17 liter Dewar, is 70 mm in diameter and 30 mm thick. The beryllium entrance window is 0.5 mm thick. The detectors are housed in a counting chamber constructed of 20 cm thick low background steel. The shield's interior is covered with a lead liner approximately 0.6 cm thick. Spectra acquired from the individual Ge detectors were stored and analyzed using EG&G's GDR software custom modified for the HML.
Counting Protocol: The JAERI phantom was measured with each lung set. Detector #1 was placed above the lower portion of the left lung and above the heart (lower left); detector #2 was placed above the upper portion of the left lung (upper left); detector #3 was placed above the lower portion of the right lung (lower right), and detector #4 was placed above the upper portion of the right lung (upper right). The X ray and gamma photon energies of interest were 17.1, 17.5, 20. 5 Each phantom was counted with the chest plate alone and with each overlay plate. Count times were long (3600 to 50,000 seconds) to obtain the best possible counting statistics within a reasonable time. There was not sufficient counting time for the 238 Pu(low) lung set. The range of counting statistics was :U-nat 0.7% to 2.2%; Uenr 0.4% to 1.4%; 232 Th 1.9% to 3%; 238 Pu(low) 3% to 5%; 238 Pu(high) 0.6% to 1%.
RESULTS AND DISCUSSION
The counting efficiencies for the four-detector germanium array is shown in Table 3 for lung sets measured (PNNL, HML, IAEA) as a function of energy for each overlay plate configuration. Fig. 1 show the counting efficiency as a function of energy for the JAERI torso phantom with no overlay plate. Plots for the other counting configurations follow the same trend and are not shown here.
Except for the 241 Am (59.5 keV) and occasionally one of the 232 Th (209 keV) photopeaks, the PNNL and IAEA lung sets show good agreement. The IAEA 241 Am lung set gives a counting efficiency that appears about 25% too high for all overlay plate configurations. This was observed by other participants and no explanation has yet been found for this. It does, however, exemplify that the manufacture of tissue substitute lung sets is still something of a black art. Despite all precautions, this lung set is either inhomogeneous or has had the wrong activity added. Heterogeneity can lead to an error in the activity estimate of a factor of three (6) if the activity was severely localised due to improper mixing. A factor of 1.25, which appears to be the discrepancy, could easily be explained in this way. It will not be known for some time, however, what the true reason is as the participants are still waiting for the destructive analysis of this lung set to determine the 'true' activity.
The poor agreement of 232 Th (209 keV) may simply be due to counting statistics despite the fact that this lung set received the most count time (23,000 to 50,000 sec). The counting efficiency appears to be too low when using no overlay plate, CZ10879, 20853, 30826, and 21559. Counting efficiency values obtained with overlay plates CZ11577 and CZ31541 are in agreement with the others. An examination of the count data showed no reason why these deviations should have occurred. CZ11577 received the most counts and CZ31541 received the least counts. The 238 keV photopeak from 232 Th gave much better agreement with the other data. The sliced lungs ( 241 Am, 152 Eu, and U-nat) manufactured by the HML are also in excellent agreement with the PNNL and IAEA lung sets. This finding is in agreement with work published elsewhere (3). The advantages of sliced lung sets and planar sources are manifold. Activity can be distributed in a known and reproducible manner to mimic either a homogeneous or heterogeneous distribution in the lung. Short lived radionuclides can be used. Cost is much less than purchasing or manufacturing lung sets that have the activity homogeneously distributed throughout the tissue substitute material. Many different sources can be used with a single lung set. Table 4 shows the averages and coefficients of variation for selected (i.e., those that had three or more values) counting efficiency data at different photon energies. The IAEA 241 Am lung set has been eliminated as an outlier from this analysis. The coefficient of variation shows that agreement between lung sets depends on the photon energy. In general, the lower the photon energy the worse the agreement. The 17.7 and 26.4 keV photopeaks show the highest coefficients of variation. This could be due to several factors: the distribution of the radionuclide in the lung insert, the positioning of the detector, the analysis of the photo peak. In the latter case, the HML finds that the analysis software often gives poor fits to the photopeaks requiring an operator assisted analysis. Once the photon energy rises above 60 keV the coefficient of variation is always less than 6 %. This means that at the 2 level one can expect counting efficiencies derived from lung sets that have the activity homogeneously distributed through the tissue substitute material to be within 12% of each other. This range is well within the guidelines outlined in North American performance criteria (7, 8) . However, at lower photon energies the agreement is only to within 30%, and this may present a problem for lung intercomparison programs that use low energy emitting photons. 
